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Body Iron Loss and Cell Loss from Epithelia
In clinical practice iron deficiency is due to inadequate intake, malabsorption or excessive iron loss. The usual cause of iron loss is chronic bleeding, either from the gastrointestinal tract or because of menorrhagia. Another possible way of losing iron is via epithelial surfaces of the gut and skin. In this paper I should like to consider two aspects of this problem. Is iron lost from epithelial surfaces? Is epithelial iron loss clinically significant?
Skin Cell Turnover and Iron Loss In the skin, as in other epithelia, there is a constant renewal of epithelial cells. In man the turnover time of these cells is normally 28 days (Rothberg et al. 1961) . The cells are produced by mitosis, they migrate towards the surface, they then lose their nuclei and other intracellular constituents and are lost from the body as minute scales. In generalized exfoliative psoriasis the situation is fundamentally different for there is a high turnover of epithelial cells. The cells are produced at eight times the normal rate; the cell's life is 4 days instead of 28 days. Furthermore, the cells do not lose intracellular constituents and they are lost from the body with their nuclei intact (Fig 1) . Thus, psoriatic scales are composed of nucleated epithelial cells whereas normal skin scales contain non-nucleated cells.
When cells are lost from epithelia with their nuclei intact it is possible to quantitate this loss by measuring the amount of DNA lost (Croft & Lubran 1965) . We have done this in generalized exfoliative psoriasis by collecting all the scales lost during 24 hours (Croft, Lim & Taylor 1968) . These patients lose about 20 g of skin scales per 24 hours, and these scales can be shown to be composed of nucleated cells. As there is the same quantity of DNA in each human cell, and the amount per cell is known, measurement of the rate of DNA loss can be used to estimate the number of cells lost. In generalized exfoliative psoriasis about 3 million cells are lost per minute or about 4,500 million cells per 24 hours. This may sound a lot but it is only one-twelfth of the number of cells that are normally lost into the entire gut per 24 hours.
Marks & Shuster (1968) have measured iron lost from the skin in patients with generalized exfoliative psoriasis. Their mean value was 4x1 mg/24 h; their highest value was 7-3 mg/24 h. Continued loss of iron at this rate could be a factor causing aneemia in these patients. There are, however, other factors causing anmemia in patients with exfoliative psoriasis.
Gastrointestinal Epithelial Cell Turnover andLoss In the normal gut epithelial cells are exfoliated into the lumen with their nuclei intact ( Fig 2) (Pink et al. 1970) . It is therefore possible by washing segments of the gastrointestinal tract of man to obtain values for the rate of DNA loss and thus of cell loss. We have obtained values for cell loss from normal human stomach, small intestine and large intestine (Croft et al. 1966 , Croft, Loehry, Taylor & Cole 1968 , Croft & Levitan 1970 . The small intestine, which has both the highest turnover and the largest surface area, contributes 90 % of the total gut cell loss, which is A1-V. 60,000 x 106 cells per 24 hours. What does this mean in terms of weight of cell loss? Hobbs (1969) has estimated that 9,000 million human myeloma cells weigh 43 g. If one uses this figure and our estimate of cell loss, the total weight of epithelial cells lost from the human gut is 287 g per 24 hours. It is of interest that this figure compares favourably with Leblond's estimate by other methods (Leblond & Walker 1956) . He claimed the loss was 'about half a pound a day'. Thus the normal human gut loses ten times the weight of material lost from skin of the patient with generalized exfoliative psoriasis. Turnover and loss of cells in the gut is, therefore, a significant and quantitatively important physiological process. It is important to remember, however, that, unlike in the skin, this gut loss is retrievable, for the normal intestine can reabsorb some or all of the constituents lost into the lumen.
Small Intestinal Iron Loss
How does the turnover of gastrointestinal epithelial cells affect body iron? Conrad et al. (1964) have shown that when transferrin-bound radioactive iron is given intravenously to rats, the 59Fe enters the newly formed epithelial cells in the crypts of the small intestine and migrates with the cells as they move to the villus tip. They also found that the iron entered the gastric and colonic epithelial cells. We have studied the dynamics of iron loss into the intestine by perfusing the entire rat small intestine at varying times after 59Fe transferrin was given intravenously (Loehry et al. 1969) . The results show that iron is lost during the first 12 hours by exudation through the normal mucosa, and that it is also lost 36 hours later by exfoliation in epithelial cells (Fig 3) .
Two groups of rats were studied. Those with normal small intestine and those with a high- turnover mucosa induced by infestation with the nematode Nippostrongylus braziliensis. Small intestinal DNA loss rates were measured and the high-turnover mucosa had a significantly higher rate of DNA loss, indicating high cell loss. This mucosa is equivalent to that of cceliac syndrome. Fig 3 shows the loss of 59Fe as a percentage of the administered dose in relation to time after the intravenous injection of transferrin-bound 59Fe. In the normal rats there was an initial exudation of iron through the mucosa. Iron loss then fell to low levels after 12 hours but at 36 hours it rose to a peak. This is the turnover time for the rat small intestinal epithelial cell, and the 36-hour peak represented iron that entered epithelial cells at the base of the crypts and was then lost with the cell when it was shed into the lumen. The rats with high-turnover mucosa also had two peaks, the first representing exudation and the second exfoliation. Because of the shorter cell life in this high-turnover mucosa the exfoliation peak was at 12 hours, which is the turnover time for the epithelial cell in this abnormal mucosa. Both the exudation and the exfoliation peaks were considerably higher in the high-turnover mucosa, indicating that more iron was lost from the abnormal 'leaky' mucosa. Further evidence confirming that the second peak was due to iron loss in cells was obtained in separate experiments on normal rats. 59Fe and DNA were measured in gut specimens collected at 36-42 hours after 59Fe injection. The conditions of the experiments were altered so that a range of DNA rates was obtained. There was a highly significant relationship between loss of iron and loss of DNA at 36-42 hours (Fig 4) . This finding supported the view that the iron lost at the second peak was iron within exfoliated cells.
Thus we believe that iron is lost from the surface of the normal small intestine both by exudation and by cell exfoliation (Fig 5) . Similar mechanisms may operate in the stomach and colon. Normally one presumes that some or most of this iron is reabsorbed so that the net loss from the body is insignificant. This is what Green et al. (1968) found in normal subjects, and their data suggest that perhaps only 014 mg is lost via exfoliated epithelial cells. Crosby et al. (1963) believe that the normal gut may be capable of losing as much as 4 mg per day.
Iron Loss and Simple Atrophic Gastritis
There is good evidence that the epithelial diseases, psoriasis, simple atrophic gastritis and active coeliac syndrome are high-turnover diseases. Cell loss has been measured by the DNA method and has been found to be increased from threeto eight-fold. There is some evidence suggesting that a similar situation may exist in ulcerative colitis (Croft & Levitan 1970) . I into the lumen ofsmall intestine. There is exudation of transferrin-bound iron and also loss ofiron in exfoliated epithelial cells. The latter iron enters the newlyformed cells in the crypts and migrates with the cell to the villus tip. It is then shed into the lumen like to consider iron loss in relation to a diffuse disease of the stomach, simple atrophic gastritis. We studied three groups of patients (Croft et al. 1966 ). All patients had gastric biopsies. One group had normal gastric biopsies, one group had pernicious anmmia and atrophic gastritis, and the third group had atrophic gastritis but not pernicious anemia. This last group consisted of 8 patients with simple atrophic gastritis. A point that always interested me was that 5 of these 8 patients had iron deficiency anemia as their chief cause of presentation. Some of the patients were achlorhydric and some had gastric antibodies. Seven out of the 8 had higher than normal gastric DNA loss rates. Five of these had recurrent iron deficiency anmemia. The clinical features of one of these runs as follows.
Case History A woman, now aged 51, had documented iron deficiency anemia on six occasions since the age of 21. She has had two normal barium meals, no steatorrhoea and no gut bleeding, as measured on two occasions by 51Cr-labelled red cells. Gastric biopsies at age 37 and 46 showed atrophic gastritis; the gastric DNA loss rate, measured twice, was more than four times normal. Two years ago, Dr J St John measured simultaneously 51Cr red cell loss and 59Fe loss in the stools. During ten days she lost 0 3 ml blood per day, but she lost more than ten times this amount in the form of iron. She was iron deficient at the time but even so lost 0-5 % of r9Fe in the stools in ten days. It is tempting to suggest that a high rate of iron loss from her highturnover gastric mucosa may be a factor causing her recurrent iron deficiency anmmia, and that this may be the mechanism of iron deficiency in patients with achlorhydria and atrophic gastritis.
Iron Loss and Caliac Syndrome
We have also measured DNA loss rates from the upper small intestine in patients with normal small intestinal biopsies and those with coeliac syndrome (Croft, Loehry & Creamer 1968 ). Normals had low rates of DNA and cell loss. The patients with coeliac syndrome who were on successful treatment and whose weight was either steady or increasing also had low DNA loss rates. The patients who were ill and losing weight had high DNA loss rates and we have suggested that they were ill because of this high-turnover state, active coeliac syndrome. Singh (1970) , working in the Department of Hematology at St Thomas's Hospital, has measured 59Fe loss in the stools after transferrinbound 59Fe was given intravenously to patients with coeliac syndrome. The 4 patients who were treated and well lost less than 0-5 % in five days. Six of the 8 patients who were untreated or who had not responded to treatment lost more. One of these patients lost 3 % in the stool in five days. Perhaps this high iron loss was due to the high turnover and loss of small intestinal cells.
Conclusions
Normally in the skin a small amount of iron enters epithelial cells when they are produced by mitosis ( Fig 6) . It seems likely that when the cells reabsorb their intracellular constituents such as DNA, they do the same for iron. The net result is that insignificant amounts are lost in the skin scales. A small amount may be lost in sweat. In the normal gut iron is lost by two processes, by exudation and by exfoliation. How much is lost is not known. Presumably reabsorption occurs but the proportion that is reabsorbed and reutilized is not known. In exfoliative psoriasis iron loss may be significant and irretrievable. More cells are lost and the reabsorbing mechanisms are impaired. In the gut, in high turnover diseases such as atrophic gastritis and caoliac syndrome, more iron may be lost by both exudation and exfoliation. In addition reabsorption ofiron is impaired because of the intestinal disease, and significant amounts ofiron will therefore be lostfrom the body In high-turnover diseases of skin, such as exfoliative psoriasis, iron is lost more readily, as the mechanisms for retaining intracellular substances do not exist (Fig 7) . Significant amounts of iron can be lost, i.e. 4 mg per day, and this loss is irretrievable. It appears that a similar situation exists in the gut in simple atrophic gastritis and active coeliac syndrome. Increased amounts of iron are lost by exudation and exfoliation and, because of the pathological process in stomach or small intestine, reabsorption of this iron is likely to be impaired. It is difficult to explain iron deficiency in some patients with coeliac syndrome by defective absorption of oral iron; perhaps increased iron loss is the more important mechanism.
In epithelial diseases of high turnover and cell loss, exfoliative psoriasis, simple atrophic gastritis and cmeliac syndrome, the amount of iron lost from the body can be significant and may be a factor causing iron deficiency in these patients.
